Abstract
surface, of the distal segment. Two sensilla basiconica type 1 located on the distal margin of the 1 segment. The short sensillum basiconicum type 1 located between the sensillum chaeticum type 1 2 and the sensillum basiconicum type 1 on the ventral surface, and the short sensillum basiconicum 3 type 2 distributed between the third segment and the short sensillum basiconicum type 1. On the 4 third segment, one sensillum styloconicum type 1 was on the external, ventral surface, one 5 sensillum basiconicum type 1 was on the ventral surface, and one sensillum basiconicum type 2 6 was on the dorsal surface. One short sensillum basiconicum type 1 was observed in the middle of 7 the segment. 8
Maxillary palp 9

General morphology of the maxillary palp 10
The maxillary palp located on the palpifer and had two segments. The lengths of the larval 11 maxillary palps of the five species are presented in Table 1 . The first segment was cylindrical and 12 the longest, and its shape resembled a conical frustum (Fig. 5) . 13
Typology and morphology of sensilla 14
The typology of sensilla of the maxillary palps was not different among the five species of larvae. 15
The types of sensilla on the maxillary palp included short sensilla basiconica, sensilla digitiformia, 16 sensilla placodea, and sensilla styloconica (Fig. 6) . The morphological characteristics of the 17 sensilla are presented in Tables 2 and 4 .
D r a f t
Short sensilla basiconica type 4. The basal shafts of these sensilla were thick and narrowed 1 gradually to the tips, which were blunt and had a round terminal pore. The length of short sensilla 2 basiconica type 4 was shorter than that of the other types (Fig. 7B) . 3 Short sensilla basiconica type 5. Sensillum of this type had inconspicuous socket and blunt tip 4 with a terminal pore (Fig. 7C) . 5
Sensilla styloconica 6
The basal regions of these sensilla (sensilla styloconica type 2) were swollen, and the basal shafts 7
were not transparent. The upper part was a cone with a blunt tip bearing a fractured apical pore. 8
The ratio of the lengths of the upper and the lower parts was approximately 5:1 (Fig. 7D) . 9
Sensilla digitiformia 10
Sensilla digitiformia were plate-like in shape and located on the bottom of a depression in the 11 cuticle. The base was connected to the cuticle but the apex was separated. The walls of the sensilla 12 had abundant, closely spaced, wrinkled wall pores (Fig. 7E) . 13
Sensilla placodea 14
Sensilla placodea were oval in shape and located on the bottom of a depression in the cuticle, and 15 the walls had closely spaced, wrinkled wall pores (Fig. 7F) . 16
The distribution of sensilla 17
On the first segment of the maxillary palp, no sensilla were observed. On the dorsal surface of the 18 second segment, one sensillum digitiformium and two sensilla placodea were observed. On the tip 19 of the second segment, one sensillum styloconicum type 2, one short sensillum basiconicum type 20 3, five short sensilla basiconica type 4, and one sensillum basiconicum type 5 were observed. The 21 sensillum styloconicum type 2 was on the inside of the tip, and the short sensillum basiconicum 22 D r a f t 11 type 3 was on the ventral surface of the tip. The short sensilla basiconica type 4 distributed in a 1 circle, and the short sensillum basiconicum type 5 was on the outside of the tip (Figs. 6, 10B) . 2
Maxillary galea 3
General morphology of the maxillary galea 4
The maxillary galea had one segment and located on the inner side of the palpifer, with a shape 5 similar to a circular table. The lengths of the maxillary galeas are shown in Table 1 . 6
Typology and morphology of sensilla 7
The types of sensilla on the galeas of the larvae included short sensilla basiconica, sensilla 8 styloconica, and sensilla chaetica. The morphological characteristics of those sensilla are shown in 9 Tables 2 and 5 . 10
Short sensilla basiconica 11
Short sensilla basiconica type 6. These sensilla had swollen basal regions that gradually narrowed 12 to blunt and rounded tips without apical pores. The surface of the shafts was smooth with no wall 13 pore (Fig. 8A ).
D r a f t
The sensilla chaetica (sensilla chaetica type 3) was flat and located in a sunken socket, which had 1 a smooth surface. The basal and middle diameters were approximately the same, and gradually 2 narrowed to a sharp tip without terminal pore (Fig. 8E) . 3
The distribution of sensilla 4
On the apical portion of the galea, two sensilla styloconica type 3, three short sensilla basiconica 5 (one short sensillum basiconicum type 6, short sensillum basiconicum type 7, and short sensillum 6 basiconicum type 8), and one sensillum chaeticum type 3 were observed. The two sensilla 7 styloconica type 3 distributed in the middle of the lobe, the short sensillum basiconicum type 6 8 was between the two sensilla styloconica type 3. The short sensillum basiconicum type 7 was 9 close to the inner side of the ventral surface, and the short sensillum basiconicum type 8 located 10 on the ventral surface. The sensillum chaeticum type 3 was on the dorsal surface of the lobe (Figs.  11   5, 10C) . 12 D r a f t These sensilla (short sensilla basiconica type 9) were cones with smooth surface and round, blunt 3 tips without apical pore. 4
The distribution of sensilla 5
One sensillum styloconicum type 4 was observed on the ventral surface, and one short sensillum 6 basiconicum type 9 was observed on the dorsal surface, on the apical region of the labial palp 7 (Figs. 9, 10D) . 8
Discussion
9
The sensory equipment is identical in the five species of larvae, despite 4 of them show inter-hosts 10 migration and Y. vicarius does not. This might be because of hosts of Y. vicarius included elm, 11 poplar, and other broadleaf trees, which have well-developed root systems that provide sufficient 12 nutrition for growth and reproduction of the larvae. Therefore, we speculate that the larvae of Y. located on the ventral edge of the antenna, and its extreme length would allow the larvae to make 6 initial contact with the external environment. Sensilla chaetica type 1 had loose and sunken 7 sockets, that allowed them to move freely during the mechanoreception and avoid damages to the 8 sensilla; therefore, larval responses to multi-faceted environments are facilitated. The sensilla 9 chaetica type 2 located laterally on the antenna, and the function of these sensilla may be in 10 detection of the lateral environment to avoid damage to the antenna and sensilla. The sensilla 11 basiconica of the antennae of lepidopterans have been studied extensively, and these sensilla are 12 likely to be involved in detecting plant volatiles and carbon dioxide (Dethier 1937; Dethier 1941; 13
Morita and Yamashita 1961). The abundant wall pores on the surface of the sensilla basiconica of 14 these five species suggested that they would be involved in the olfaction, according to Zacharuk 15 and Shields (1991). During host transfer behaviors of these larvae, the sensilla basiconica may 16 detect long-distance plant secondary metabolic substances and nutrients, which play an important 17 role in the process of selecting a suitable host. A study by Schoonhoven (1967) suggests that these sensilla may be involved in feeding activities. The study of Dethier and Kuch 13 (1971) has suggested that the sensilla on the maxillary palp play an important role in determining 14 plant nutritional status and identifying secondary substances, such as sugars, amino acids, and 15 salts. When the host is in a state of extreme weakness, the maxillary sensilla of the larvae may 16 evaluate the nutritional status of the plant to determine whether to stay or migrate to a new host. 17 Sensilla digitiformia, which had consistent structures, were similar to those of other lepidopterous 18 larvae (Faucheux 1984b (Faucheux , 1995 (Faucheux , 1999 
Maxillary galea 3
Grimes and Neunzig (1986) have studied the distribution and quantity of sensilla on the galeas of 4 41 species of lepidopteran larvae, including Prionoxystus sp., C. niponensis, and G. molesta. By 5 contrast, the larvae of the five Cossidae species have one sensillum chaeticum, whereas the other 6 species have three; however, the distribution and quantity of the other sensilla types are similar. In 7 many other larvae, transmission electron microscopy of sensilla styloconica with apical pores has 8 revealed four gustatory sensory neurons and a neuron for mechanoreception, which function in 9 chemoreception and mechanoreception, respectively, and may play important roles in larval 10 
Labial palp 8
Sensilla quite similar with sensilla styloconica and short sensilla basiconica of the five 9
Cossidae larvae have been also observed on the labial palps of C. niponensis and G. molesta, and 10 named "sensillum styloconicum" and "sensillum chaeticum", but their ultrastructure and function 11 Tables   Table 1 The lengths (µm) of antennae, maxillary palps, galeas, and labial palps of five species D r a f t 
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